Abstract
To assess the predictive value for perinatal brain damage of acidosis at birth, alone or in combination with the Apgar score at 5 minutes, a cohort of 982 liveborn infants delivered over two months was studied prospectively. The umbilical cord was double clamped, and arterial acid-base values were successfully determined in 964 infants and lactate concentration in 931. Reference values defining acidosis (mean ± 2 SD) were obtained from a subset of 127 term infants who had no complications. The incidence of a low pH was 12% (111 out of 964), high base deficit 7% (70 out of964), high lactate concentration 9% (83 out of 931), and low Apgar score at 5 minutes (>7) 3% (32 out of 982). Twelve of the 111 infants (11%) with acidosis had a low Apgar score, and 12 out of 29 infants (41%) with low Apgar scores had acidosis. At one year of age 35 infants were lost to follow up and 22 had an adverse outcome unrelated to asphyxia; 883 infants showed normal development but the possible sequelae of asphyxia were four deaths, slight abnormalities in 28 infants, and clear abnormalities in 10. The sensitivity and the positive predictive value of low pH for adverse outcome were, respectively, 21 and 8%, of high lactate concentration 12 and 5%, and of low 5 minute Apgar score 12 and 19%. Metabolic acidosis determined in blood from the umbilical artery at birth is a poor predictor of perinatal brain damage.
Introduction
Perinatal asphyxia is an important cause of mortality and morbidity in the newborn infant and of neurological disability, mainly cerebral palsy, in later life. This view is widely accepted, although asphyxia as a pathophysiological and clinical concept is quite loosely defined. Its components are hypoxia, hypercapnia, and ischaemia, but both its incidence and role in outcome are difficult to evaluate because of lack of reliable diagnostic criteria. The Apgar score at 5 minutes after birth has been used, and often misused, as a predictor of neurological damage due to asphyxia. The American collaborative perinatal project of 1959-66, however, showed poor sensitivity of the Apgar score in this respect: only 27% of children who later developed cerebral palsy scored below 7 at 5 minutes.' Metabolic acidosis reflects fetal distress and asphyxia, but its relation to the Apgar score is not close. In a cohort study in Oxford in 1982 only 19% of the infants with low Apgar scores had severe acidosis at birth and 27% of the infants with acidosis had a low score at 5 minutes.2 Determining the pH of blood in the umbilical artery has become an important measure of the infant's condition at birth and is used routinely in many delivery hospitals. The importance of acidosis at birth has not, however, been related to long term outcome in a sufficiently large unselected population that has received adequate follow up. We assessed the predictive value of acidosis at birth and the 5 minute Apgar score for perinatal brain damage in a defined delivery cohort.
Subjects and methods
The study was approved by the ethical committees of both hospitals. It was based on the deliveries over two months (April-May 1984) in the department of obstetrics and gynaecology, a unit admitting both normal parturients and those referred because they were at high risk. All liveborn infants were included. Fetal heart rate was electronically monitored in all deliveries. All infants had an Apgar score assigned according to clinical routine by a midwife or paediatrician at 1 and 5 minutes of age.
The (table  IV) , and transient motor impairment were not predicted any better than overall adverse outcome. The poor predictive value of metabolic acidosis could be due to a confounding factor that would decrease the pH without having an influence on outcome. To rule out such a possibility the relation between pH and outcome was tested separately for infants with and without the risk factors, mentioned above, that had a significant effect on umbilical arterial pH. None of these risk factors had an influence on the prognostic value of pH.
Discussion
The incidence oflow umbilical arterial pH was about 6% in previous cohort studies, when the mean -1 SD (7 1 1) of the study group2 or an arbitrary value of 7-154 was taken as the lower limit of normal pH. The limit in other studies has varied from 7 09 to 7-25 ,5-depending on the definition of normality. The most commonly Previous studies on the outcome of a birth cohort in relation to metabolic acidosis have not been reported. Umbilical arterial pH in relation to outcome was studied in 121 infants with acidosis with incomplete follow up and without controls.4 Low pH in clinically normal newborn infants was not associated with a higher risk of later neurological sequelae. In preterm infants fetal acidosis was found to be more common in damaged than in normal survivors.'0 Fetal hypoxia with more prolonged metabolic acidosis (defined on the basis of arterial buffer-base values) was interpreted to carry a higher risk of deficits in comparison with acidosis of shorter duration," but the data were few and the differences not significant. In another study on term infants metabolic acidosis at birth was not associated with more neurological or developmental problems on follow up than normal acid-base values. 12 Like the Apgar score, umbilical arterial pH is useful for clinical assessment of the newborn infant. It is also valuable to obstetricians, particularly in infants with suspected fetal hypoxia. Why is metabolic acidosis at birth such a poor predictor of perinatal brain damage? One explanation might be that the abnormal outcomes observed in our study were not related to perinatal asphyxia, even though other known causal factors were excluded. In addition, the hypoxic insult responsible for the damage may have occurred well before birth,'3 and the associated metabolic abnormalities may have been compensated for by the time of birth. In the infants with acidosis the hypoxic episode may have been short. Equally probable, however, is that metabolic acidosis simply reflects physiological adaptation to the stress of delivery and asphyxia. Redistribution of blood flow to vital organs and the switch to anaerobic metabolism are usually successful in averting permanent damage, and survivors of extremely severe asphyxia often show a full neurological recovery. '4 Therefore perhaps signs of cell or tissue damage should be sought as more reliable prognostic indicators. These may include the leakage of specific enzymes-for example, creatine kinase BB, which is specific to the brain-or other neuronal proteins, ultrasonic evidence of cerebral ischaemia,5 or signs of irreversible energy failure detected by nuclear magnetic resonance spectroscopy. '6 We thank Dr Maija Pohjavuori, Dr Kim Vettenranta, and the medical students Eija Haapanen, Kaija-Leena Kolho, Taina Lindgren, Leena Mantyla, and Anna-Mari Outinen for participating in cord blood sampling. The study was supported by the Sigrid Juselius Foundation, the Signe and Ane Gyllenberg Foundation, the Foundation for Pediatric Research, and Finska Lakaresallskapet.
